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Abstract 

Background: In arid settings, droughts usually lead to periods of very low or no malaria transmission. However, in 
rural Kandi (Sonsoro) in northeastern Benin, several malaria cases are often diagnosed during dry seasons. The 
underlying factors accounting for this phenomenon remain unknown. 

Methods: The entomological profile of Sonsoro has been studied compared to a location in urban Kandi 
(Gansosso) for a period of one year. During this period. Anopheles larval habitats were investigated and populations 
of Anopheles gamblae s.l. were sampled by human landing catches in both areas. Enzyme-linked immunosorbent 
assays (ELISA) for Plasmodium falciparum circumsporozoite protein (CSP) were conducted on vector specimens and 
the entomological inoculation rates (EIR) were determined per season (wet versus dry) in each area. In addition, 
during the severe drought period. Rapid Diagnostic Tests (RDTs) were conducted on school children under the age 
10 years in these areas to provide a global view of drought-malaria prevalence and to perform a crossing with 
entomological data in Kandi. 

Results: Overall, An. gamblae s.l. was particularly abundant in rural Kandi compared to the urban area with a 
significant decrease of vector density in both sites during the dry season. In this period, larval sampling data 
identified household water sources as potential breeding sites in urban and rural Kandi. We also observed a 
significant seasonal variation of the infectivity rate in both areas but for each period (season), the EIR was higher in 
the rural site than in the urban. Data of P. falclpamm detection was the reflection of entomological findings. The 
drought-malaria prevalence was 5.5 times higher in rural Kandi as compared to urban Kandi. The presence of a 
permanent water site and the low level of urbanization in rural Kandi were identified as a risk factor. 

Conclusion: Our data showed a high level of malaria transmission in the municipality of Kandi. Household water 
source plays an important role in maintaining the breeding of anopheles larvae and the malaria transmission in 
Kandi. In rural settings, the proximity to permanent water sites could probably be the aggravating factor. 
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Background 

Malaria is a major cause of global morbidity and mortality, 
with most of the burden in sub-Saharan Africa [1,2]. More 
than 90% of recorded malarial deaths occurring in Africa 
are among the most vulnerable population, such as children 
under five years old and pregnant women [3,4]. In spite 
of many efforts of the National Malaria Control Programs 
(NMCP) and international donors to combat the disease 
through various vector control interventions, malaria con- 
tinues to be a real public health problem. 

In Benin, malaria was the leading reason for consultation 
and hospitalization in healthcare centers. In 2012, incidence 
of malaria in Kandi, northeastern Benin, was 28.55%, 
two times higher than the national average of 14.6 per 
100 Benineses [5]. Despite a dry season period of about 
six months, in the Kandi municipality, several cases of 
malaria were still diagnosed. Healthcare registers in the 
health center of Sonsoro (rural Kandi) indicated that 
during the drought period between 2008 and 2012, 
clinical malaria cases were estimated at 15 to 30%. Of 
these, approximately nearly 60% were children under 
10 years old (R. Govoetchan, personal communication). 
Although these unexpected cases could be linked to relapse 
or cases of imported malaria, the possibility of recent 
infection could not be ruled out in the light of the magni- 
tude of the prevalence and the sedentary status of local 
people and especially children. 

Several studies have shown that malaria infection is 
influenced by environmental factors such as temperature, 
rainfall, humidity and elevation. In tropical settings, 
temperature and rainfall conditions are nearly always 
favorable for the development of Anopheles mosquitoes, 
the intermediate hosts in the transmission of malaria 
parasites [6,7]. According to Martin and Lefebvre [8], rain 
is generally synonymous with new mosquito breeding sites. 
However, rain can also destroy the existing ones: heavy 
rains can transform basins to streams, hinder the devel- 
opment of eggs and larvae, or simply eject them from 
water [8]. Conversely, extreme drought conditions lead 
to the evaporation of most of the conventional mosquito 
breeding sites and in turn lower the mosquito population 
[8-12]. For this reason, the dry season in tropical Africa is 
often regarded as a period of very low malaria transmis- 
sion, a period during which no method of malaria preven- 
tion and control is deployed. This is due to the fact that, 
like most mosquitoes. Anopheles gamhiae, depends on 
the availability of suitable surface water for oviposition. 
However, during the dry season and dry spells during 
the wet season, larval sites may not be available for 
days, weeks, or even months in different environments 
[13-16]. Under such conditions, mosquitoes that de- 
velop eggs (gravid specimens) cannot lay them [17] 
thereby seriously affecting the population size. Thus, 
the Culicidae nuisance and the anopheline density are 



significantly lowered compared to the wet periods of 
high transmission. 

An important reason for the heavy malaria burden in 
Africa is that the malaria-transmission machinery consists 
of an exceptionally robust vectorial system including 
An. gamhiae s.s (representing two incipient species known 
as the M and S molecular forms), a sibling species 
An. arahiensis, and An. funestus [18]. These vectors are 
not only able to exploit diverse environments including 
expansive dry savannas and semi-desert areas, but also 
able to ensure the maintenance of malaria transmission 
during periods of severe drought. Moreover, many studies 
reported changes in people's behavior in relation to the 
individual methods of protection during the dry season. 
Given that the mosquito bites are less noticeable at this 
time of the year and that the night is sometimes excessively 
hot, people do not feel the need to sleep under bed nets 
and trivialize any other method of protection against 
possible scarce mosquito bites. 

Very few scientific publications focusing on malaria dur- 
ing the dry season exist. In order to assess the sources of 
the several recent Plasmodium falciparum infections often 
reported during drought periods in Sonsoro, rural Kandi, 
we decided to conduct a year round study on the entomo- 
logical profile of the location compared to a site in urban 
Kandi (Gansosso). We particularly and meticulously 
focused on what happens in the dry season. Moreover, 
we investigated malaria prevalence in the two locations 
(Sonsoro and Gansosso) during a period of aridity, a time 
supposed to be of very low or zero malaria transmission, 
and compared them with drought entomological data. 

Methods 

Description of sites 

This study was carried out in Kandi (11 ° 07 '43 "N, 2 ° 
56' 13 E), northeast of Benin. Kandi is under a Sudanian 
climate with a dry season from November to April and 
a Wet season from May to October. During the dry season, 
temperatures are very high and up to 45°C can be recorded. 
The drought is often severe, with a lot of sunshine and 
can last up to six months. Our data collection was held 
precisely in Gansosso and Sonsoro. Gansosso is an urban 
setdement in Kandi with no water site. Sonsoro on the 
other hand is located in a rural area, 20 km from the city 
center and is bordered by the Sota tributary, a permanent 
water site (Figure 1). The persistence of a water site in 
Sonsoro is a cause of proliferation of mosquitoes in this 
location (Govoetchan, personal communication). 

Entomological data collection 

Assessing the dry season refugia for anopheline larvae 
Identification and geo-positioning of mosquito breeding 
sites The data collection was carried out for one year 
(from May 2012 to April 2013). Samplings were carried 
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out exhaustively every two months during the wet season 
(May 2012 to October 2012), and each month during the 
dry season (November 2012 to April 2013). Our investiga- 
tions became monthly in the dry season to ensure the 
identification and listing of all aquatic habitats that could 
potentially serve as mosquito breeding during periods 
of severe aridity. At each study site, all aquatic habitats 
were explored using a dipper (60 cm^ of volume) and 
any habitat harboring at least one mosquito larva was 
identified as a positive breeding site and its nature was 
recorded and geo-referenced. While the breeding site 
is registered, a brief taxonomic identification of larvae 
found was performed through the genera [19]. 

Collection method The tools used for data collection 
were tablets Samsung Galaxy Tab" 10.1. An electronic 
survey form was created for this purpose with the 
ODK (Open Data Kit) collect software and enabled the 
automatic recording of data in the field. This survey form 
allows an instantaneous measurement of larval data for 
positive breeding sites identified. At the end of each study 



visit, the data is transferred directly to a cloud server in 
order to ensure their backup and their traceability. 

Anopheles adult collection The study of the seasonal 
trend of malaria transmission in each site was performed 
through Anopheles vector collections. We evaluated per 
season the biting rate and the frequency of infected 
biting for each study site. Mosquitoes were collected 
using human landing catch inside and outside of two 
dwellings. The entomological data collection was car- 
ried out from May 2012 to April 2013. Samplings were 
carried out every two months during the wet season 
(May 2012 to October 2012), and each month during 
the dry season (November 2012 to April 2013). Our in- 
vestigation was done every month during drought for a 
good assessment of the entomological situation in this 
period of the year and a proper evaluation of malaria 
risk. The mosquito captures were made from 9:00 pm 
to 5:00 am. Two successive human landing catches 
were carried out per mission for a total of 16 captures 
per mission for the two study sites. 
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Laboratory processing 

The collected mosquitoes were identified in the morning 
into genus and species level using the taxonomic key by 
Gillies and de Meillon [19]. Anopheline infectivity rates 
were determined by enzyme-linked immunosorbent assay 
(ELISA) using monoclonal antibodies against Plasmodium 
falciparum circumsporozoite protein (CSP) [20]. 

Results from ELISA test and the mosquitoes sampled 
were used to determine the number of bites per man per 
night and per season (wet versus dry) for each location, the 
sporozoitic index and the EIR of An. gambiae per season 

Prevalence of malaria during the dry season 

We conducted a cross-sectional survey on the preva- 
lence of malaria during a high dry season (March 2013), 
among schoolchildren in Sonsoro and Gansosso. 

Enrolment of study patients 

We identified the public primary schools of Sonsoro and 
Gansosso. In each school, we selected 200 children. Inclu- 
sion criteria were age < 10 years (we then started from the 
lower classes successively kindergarten, followed by first, 
second and third levels of primary schools), residents in 
Sonsoro or Gansosso. Parental consent was obtained from 
parents of children involved in the study. 

Method of diagnosis 

Diagnosis of malaria wasperformed using the two-band 
CareStart" Malaria HRP-2 test [21]. It is the RDT currendy 
recommended by Benin NMCP for use in areas where reli- 
able microscopy is not avaOable. It is a lateral flow antigen 
detection test in a cassette format targeting Histidine-Rich 
Protein II (HRP-2), produced by trophozoites and young 
gametocytes of Plasmodium falciparum. HRP-2 RDTs have 
shown good sensitivity in a variety of field settings [22-24] 
and are reported to be the best diagnostic choice for 
areas with medium-to-high malaria transmission rates 
in Africa [25] . The detection threshold is approximately 
100 parasites/ |il. 

Diagnostic procedures 

Study staff performed RDTs by pricking the finger to 
obtain peripheral blood samples according to the man- 
ufacturers instructions (AccessBio, New Jersey, US). A 
pipette was used to transfer blood from the finger onto 
the test. A buffer solution was then applied, which carried 
the blood up the cellulose nitrate strip, over the test and 
control lines. The results were interpreted and recorded 
after 15 to 30 min. Results were recorded as negative, 
positive or invalid. 

Data analysis 

Larval data were copied from the cloud server and handled 
using Epi Info (version 6.04; Centers for Disease Control 



and Prevention). The seasonal frequencies of various types 
of mosquito breeding sites were calculated and pairwise- 
compared by the Poisson test to determine significance of 
results. The EIR, the key entomological parameter repre- 
senting the number of infected anopheline bites received by 
one human per unit of time (night, month or year) was 
calculated for each study site and each season in order 
to measure the burden of malaria transmission in each 
period (season) of the year. The EIR values were analyzed 
through the Poisson test and compared between seasons 
(wet versus dry) inside a same location and between 
the two study sites (rural versus urban). The drought- 
malaria prevalence data were compared between locations 
(rural versus urban) using Chi^ test and their confidence 
limits determined using the binomial confidence limit 
method. The Wald test and the LR test were performed to 
appreciate the significance of the impact of some collateral 
factors (age, weight, sex, educational level, urbanization) 
on the frequency of malaria. A p-value < 0.05 was con- 
sidered as significant. These tests were conducted using 
R 2.14.1 software. 

Ethical considerations 

Ethical approval for this study was granted by the Ethical 
Committee of the Ministry of Health in Benin. Community 
leaders were briefed on the protocol before the study 
and gave verbal consent before the study began. Written 
consent was obtained from all participating volunteers, 
who were vaccinated against yellow fever and provided 
with malaria prevention and curative treatments according 
to World Health Organization (WHO) recommended 
regimen (on the basis of fever and Detectable P. falciparum 
parasitemia). Regarding the cross-sectional survey on the 
malaria prevalence, parental written consents were obtained 
from parents of children involved in the study. 

Results 

Entomological profile of the study sites 
Dry season refugia for mosquito larvae 

A total of 126 mosquito larval habitats were identified 
in Sonsoro (rural) and Gansosso (Urban) between May 
2012 and April 2013 of which 30.95% were recorded 
during the dry season (Table 1). In both sites, the trend is 
basically the same and mosquito breeding habitats were of 
a more diversified nature depending on the season. In the 
wet season (May-October 2012), rainwater collections and 
various holes were the majority constituting together 
51.43% of all larval habitats recorded in rural Kandi and 
76.92% in urban Kandi. However, during the long drought 
that lasts about six months (November 2012-April 2013), 
these classical mosquito breeding sites disappeared 
altogether. The drought-refugia for mosquito breeding 
were mainly the household canisters, jars, flower pots that 
we defined as domestic larval habitats. Moreover cisterns 
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Table 1 Seasonal diversity In larval habitats of mosquitoes In rural (Sonsoro) and urban (Gansosso) Kandlfrom May 2012 to April 2013 



Study sites 


Nature of larval habitats 


Wet season (May-12 to October-13) 


Dry season (November-12 to April-13) 




Total 




Total 1 


% 


CI-95% 


Total 2 


% 


CI-95% 


Total 


% 


CI-95% 




Rain water collection 


13 


37.14"'' 


[2147- 55.08] 


0 


0.00" 


[00.00- 1 1 .95] 


13 


20.31" 


[11.28- 32.22] 




Various holes 


5 


14.29''-" 


[04.81- 3026] 


0 


0.00" 


[00.00- 1 1 .95] 


5 


7.81 '' 


[02.53- 1 7.30] 




n shallow aquifer 


1 


2.86" 


[00.07- 14.92] 


0 


0.00" 


[00.00- 1 1 .95] 


1 


1.56" 


[00.04- 08.40] 




Domestic habitats 


15 


42.86*^ 


[26.32- 60.65] 


21 


7241 


[34.85- 98.73] 


36 


56.25"" 


[09.90- 81.59] 


Rural Kandi (Sonsoro) 


Cistern/well 


0 


0.00" 


[00.00- 1 0.00] 


2 


6.90" 


[00.85- 22.77] 


2 


3.13'' 


[00.38- 10.84] 




Around public standpipes 


0 


0.00" 


[00.00- 1 0.00] 


2 


6.90" 


[00.85- 22.77] 


2 


3.13'' 


[00.38- 10.84] 




Polluted water collection 


0 


0.00" 


[00.00- 1 0.00] 


1 


3.45" 


[00.09- 1 7.77] 


1 


1.56" 


[00.05- 08.40] 




Others 


1 


2.86" 


[00.07- 14.92] 


3 


1 0.34" 


[02.19- 27.35] 


4 


6.25" 


[01.73- 15.24] 




Total 


35 


100 




29 


1 00.00 




64 


100 






Rain water collection 


34 


65.38" 


[50.91- 78.03] 


0 


0.00" 


[00.00- 30.85] 


34 


54.84" 


[41 .68- 67.52] 




Various holes 


6 


1 1 .54*^ 


[04.35- 23.44] 


0 


0.00" 


[00.00- 30.85] 


6 


9.68" 


[03.63- 19.88] 




Domestic habitats 


n 


21. 15''-" 


[1 1 .70- 46.42] 


0 


0.00" 


[00.00- 30.85] 


11 


17.74"-" 


[08.42- 31.01] 


Urban Kandi (Gansosso) 


















Cistern/well 


0 


O.OO'^ 


[00.00- 06.85] 


5 


50.00'' 


[18.71- 81.29] 


5 


8.06" 


[02.67- 1 7.83] 




Polluted water collection 


1 


1.92^^ 


[00.05- 1 6.26] 


5 


50.00'' 


[18.71- 81.29] 


6 


9.68" 


[03.63- 1 9.88] 




Total 


52 


100 




10 


100 




62 


100 






Total (Rural + urban) 


87 


69.05 


[6349- 76.62] 


39 


30.95 


[23.38- 36.51] 


126 


100 





o 3 

n Nj 

o o 

D — ' 

5 lO 



CI: confidence interval. 

^''^''^'^Values with the same superscript do not differ significantly. 
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for water supplies and wells have been identified as typical 
refugia of mosquito breeding during drought periods. 

However, the type of mosquito larval habitats sampled 
in drought depended fundamentally on the nature of the 
study site. During the dry season, the majority of larval 
habitats sampled in rural settings were of a domestic nature 
(72.41%), whereas in urban settings (Gansosso), most of 
the drought-refugia for mosquito breeding were cisterns 
and wells (50%). 

Genera of mosquitoes identified in the larval habitats 

The main genera of mosquito that we identified in the 
larval habitats were Anopheles, Culex and Aedes (Table 2). 
The breeding sites were either exclusive (only one genus 
of mosquito in the larval habitat), or mixed (two or three 
genera of mosquito found in sympatry). The prevailing mos- 
quito genus in the larval habitats depended on the seasons 
of the year and the nature of study site (rural versus urban). 
In the rural site (Sonsoro), Anopheles-exclusive larval habi- 
tats were the most sampled in the wet season (48.57%). In 
this season, very few larval habitats of non-anopheline mos- 
quitoes were recorded in this site (20%). Conversely in urban 
locations (Gansosso), there were more non-anopheline 
breeding sites found during the wet season (48.08%). 

In regard to the dry season, we observed that in 
both sites, there was a significant decrease in Anopheles- 
exclusive larval habitats and an increase in larval habitats of 
non-anopheline mosquitoes. During the drought period. 
Anopheles larvae were mainly sampled in mixed breeding 
sites of mosquitoes, especially in rural Kandi (58.62%). 

Refugia of anopheline larvae in drought period 

A total of 22 anopheline larval habitats (exclusive and 
mixed) were identified in Sonsoro (rural) and Gansosso 



(urban) during the dry season (November 2012-April 2013). 
Overall, most of the drought-refugia of anopheline larvae 
were of domestic nature (68.42% in rural Kandi, and 
66.67% in urban Kandi) (Table 3). These results suggested 
that the poor conservation of water stocks in households is 
a potential factor in the maintenance of anopheles breeding 
and malaria transmission not only in rural settings but also 
in urban settings. Moreover, in rural settings, anopheline 
larvae were also sampled in cisterns and wells (25%) around 
public standpipes (16.70%). 

Diversity and geo-variability of mosquito density in rural 
and urban Kandi 

A total of 966 mosquitoes belonging to 12 species were 
sampled from May 2012 to April 2013, the equivalent 
of one wet season and one dry season (Table 4). Among 
mosquitoes collected, 673 specimens (69.67%) belonged 
to the Anopheles genus. Overall, the Culicidae fauna 
were very diversified in both rural (Sonsoro) and urban 
(Gansosso) sites. The mosquito collections were greater 
in rural Kandi (n = 668) compared to urban Kandi, which 
were 2.2 times less. 

Furthermore, the predominant species of mosquito 
were not the same in the two locations. An. gamhiae 
was the main species sampled in the rural area (Sonsoro), 
representing 94% of mosquitoes collected compared 
to 13.09% in Gansosso urban area. We noted a sig- 
nificant gap between the two locations, which could 
probably be justified by the ecology and specifically 
by the presence of a permanent waterway in the rural 
location (Sonsoro). The predominance of An. gamhiae 
in rural Kandi was probably related to the availability 
of a suitable surface of water for the oviposition of this 
species. 



Table 2 Genera of mosquitoes found in thelarval habitats in rural (Sonsoro) and urban (Gansosso) Kandi from May 
2012 to April 2013 



Sites 


Genus of mosquitoes' larvae 


Wet season 
(IVIay-12 to October-13) 


Dry season 
(November-12 to April-13) 




Total 


Total 1 


% 


Total 2 


% 


N 


% 




/\n-exclusive 


17 


48,57" 


2 


6,90" 


19 


29,69" 




/\n-mixed 


11 


31,43=''' 


17 


58,62'' 


28 


43,75" 


Rural Kandi (Sonsoro) 












Non-anopheline 


7 


20,00" 


10 


34,48" 


17 


26,56"'" 




Total 


35 


1 00.00 


29 


1 00,00 


64 


100,00 




/\n-exdusive 


19 


36,54" 


2 


20,00" 


21 


33,87" 




/\n-mixed 


8 


15,38'' 


1 


1 0,00'' 


9 


14,52'' 


Urban Kandi (Gansosso) 














Non-anopheline 


25 


48,08= 


7 


70,00" 


32 


51,61" 




Total 


52 


1 00,00 


10 


1 00,00 


62 


1 00,00 




Total (Rural + urban) 


87 


69.05 


39 


30.95 


126 


1 00.00 



^n-exclusive: >Anop/ie/es-exclusive larval habitats, 
^n-mixed: >Anop/ie/es-mixed larval habitats, 
non-anopheline: larval habitats of non-anopheline mosquitoes. 
^''^''^Values with the same superscript do not differ significantly. 
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Table 3 Habitats in anopheline larvae during drought periods in rural (Sonsoro) and urban (Gansosso) Kandi from May 
2012 to April 2013 



Village 




Various holes 


Domestic habitat 


Cistern/well 


Polluted water collection 


Around public standpipes 


Total 


Rural Kandi (Sonsoro) 


N 


1 


13 


3 


0 


2 


19 




% 


8.30%" 


68.42%)'' 


25.00%" 


0.00%)" 


15.70%)"-'^ 


1 00.00% 


Urban Kandi 


N 


0 


2 


0 


1 


0 


3 


(Gansosso) 


% 


0.00%" 


66.67%)'' 


0.00%)" 


33.33%" 


0.00%" 


1 00.00% 


Total 


N 


1 


15 


3 


1 


2 


22 




% 


4.55%= 


68.18%'" 


13.64%*^ 


4.55%= 


9.09^'' 


100.00% 



■ Values with the same superscript do not differ significantly. 



Seasonal variation of the aggressive density of An. gambiae 
in rural and urban Kandi 

Table 5 details the total number of An. gambiae caught 
during the wet season (May- 12 to S) and the dry season 
(November-12 to April-13) for each study site. Overall, 
the biting behavior of An. gambiae during the wet season 
was not the same in the two locations. In this period of 
the year, the aggressiveness of An. gambiae was mainly 
expressed on the inside of dwellings in rural Kandi 
(14.54 bites/night; p = 0.001) but on the outside in urban 
Kandi (1.08 bites/night; p = 0.008) (Table 5). The situation 
in urban Kandi could be explained by the widespread 
use of long-lasting insecticidal nets (LLINs) in times of 
abundance of mosquitoes (wet season) with the excito- 
repellency effect and the high exophily they induced. 
Conversely in the dry season, the observations were 
similar indoors and outdoors in both study sites (p >0.05). 
This could be justified by the change in the behavior of the 
populations which consists of sleeping outdoors because of 
the high night temperatures during the dry season. 

Seasonal variation of the sporozoitic index in rural and 
urban Kandi 

Table 6 displays the variation of the P. falciparum CSP 
positivity rate in each season (wet versus dry) and in each 
study site (urban versus dry). A total of 286 specimens 
of An. gambiae were analyzed of which 9 were positive. 

Table 4 Distribution of mosquito species caught from 
human baits in rural (Sonsoro) and urban (Gansosso) 
from May 2012 to March 2013 

Study sites in Kandi 



Mosquito species 


Rural 


Urban 


Total 




Sonsoro 


Gansosso 




Anopheles gambiae 


528 


39 


667 


Anopineies funestus 


1 


1 


2 


Anoplieles pliaroensis 


1 


1 


2 


Anopheies coustani 


2 


0 


2 


Non-anopheline 


36 


257 


293 


TOTAL 


668 


298 


966 



representing an average sporozoitic index of 3.15%. In 
rural Kandi, we observed an increase of the sporozoitic 
index during the dry season probably due to the lower 
number of 10 vector specimens analysed for this period. 
Conversely, no significant seasonal variation was observed 
between sporozoitic indexes in urban Kandi. 

Seasonal variation of the EIR in rural and urban Kandi 

For each season, the EIR was higher in rural Kandi 
(Sonsoro) than in urban Kandi (Gansosso) (Table 7). 
For instance, the EIR for the 6-month wet season 
(May to October 2012) was estimated to the mean value 
of 136.73 infected bites (ib) in Sonsoro against only 7.51 
ib in Gansosso, about 18 times higher in rural Kandi 
than in urban Kandi. 

Nevertheless, we observed a similar seasonal variation 
in both sites. From wet to dry season, we observed a 
drastic reduction of 96% and 100% in the EIR in Sonsoro 
and Gansosso respectively. Overall, for the whole study 
duration of one year, we noted a higher transmission of 
malaria in rural Kandi (130.75 ib/h/year) than in urban 
Kandi (6.45 ib/h/year). 

Prevalence of P. falciparum in urban and rural areas during 
the dry season 

Characteristics of the children enrolled A total of 400 
children were enrolled for the investigation on the preva- 
lence of malaria during the dry season. In Gansosso, girls 
were represented more (53%), whereas in Sonsoro boys 
were the majority (54.5%) (Table 8). The average age was 
5.42 years in Gansosso and 6.44 years in Sonsoro (Table 3). 
Mean weights were similar in Sonsoro and Gansosso. 

Prevalence of P. falciparum in urban and rural Kandi 

Positive RDTs were significantly higher in Sonsoro (41%) 
than in Gansosso (7.5%). In Sonsoro, the rate of positive 
RDTs was 5.47 times greater than that of Gansosso. 
Furthermore, we found 1 case of an invalid test in Gansosso 
and 2 in Sonsoro (Table 9). 

Influences of collateral factors on the prevalence of 
malaria A logistic regression performed showed that only 
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Table 5 Seasonal variation in the density of An. gambiae inside and outside of dwelllngsin rural (Sonsoro) and urban 
(Gansosso) from May 2012 to March 2013 







Wet season (May-12 to October-12) 


Dry season (November-12 to April-13) 






Total 




Locations 




N 


Man night 


HBR/night 


p- value 


N 


Man night 


HBR/night 


p- value 


N 


Man night 


HBR/night 


p-value 


Rural Kandi 


Indoor 


349 


24 


14.54 


0.001 


2 


32 


0.06 


0.065 


351 


56 


6.27 


0.003 


(Sonsoro) 


Outdoor 


269 


24 


11.21 




8 


32 


0.25 




277 


56 


4.95 




Urban Kandi 


Indoor 


10 


24 


0.42 


0.008 


0 


32 


0 


0.125 


12 


56 


0.21 


0.017 


(Gansosso) 


Outdoor 


26 


24 


1.08 




3 


32 


0.09 




27 


56 


0.48 





N: number of specimens of An. gambiae caught. 
HBIVnight: human biting rate per human per night, 
p-value: probability value. 



urbanization seems to have a significant influence on the 
incidence of malaria (LR-test, p = 0.00000041). Overall 
and theoretically, it appears that for a child living in 
Sonsoro, the risk of malaria in the dry season is increased 
by 8 times compared to a child living in Gansosso of the 
same profile. Gender, level of education, age and weight 
did not seem to play any important role in the risk of mal- 
aria (Table 10). 

Discussion 

We observed that the entomological profile was not the 
same in rural and urban Kandi. An. gambiae, the main 
malaria vector in Africa is very abundant in rural settings 
of Kandi as compared to that in rural areas. This result 
suggested that there is an ecological dichotomy between 
the two study sites, the rural (Sonsoro) and the urban 
(Gansosso). Moreover, it is well known that urbanization 
greatly influenced the Culicidae diversity and is antag- 
onistic to the anopheline abundance. The situation in 
drought was characterized by a significant decrease in 
vector density. In view of larval sampling data, we 
think that the few anopheles caught during the dry sea- 
son, especially in urban Kandi, come from household 
water sources (canisters, jars) which become potential 
breeding sites in this period of the year. The situation 
was similar in rural Kandi although the proximity to a 



permanent water site appeared to be a risk factor. The 
poor conservation of water stocks in households in a 
period of scarcity of classical breeding sites indirectly 
causes the domestication of mosquito larval habitats. 
This could be avoided if the receptacles containing 
water supplies are well covered regularly. 

Our results showed a lower aggressive density of 
An. gambiae during drought periods in both rural and 
urban settings as compared to the values in the wet 
season, nevertheless the HBR for the semester drought 
was 3.4 times higher in rural Kandi than in urban Kandi 
(p < 0.001). It is thought that the low density and the 
low aggressiveness often noted for An. gambiae in the 
dry season is particularly due to the fact that Anopheles 
adults are scattered in shelters for a summer diapause 
(aestivation), to ensure its survival [15]. Thus, sampling 
them is very difficult because, on one hand, they are resting 
in hiding, and on the other hand, they reduce the firequency 
of blood meals [26] as having significandy slowed the rate 
of ovarian development [27] . 

Similarly, we also observed significant seasonal variation 
in the infectivity of An. gambiae to P. falciparum in both 
study sites. The EIR was nil in urban Kandi due to the fact 
that no anopheline vector was found to be positive for 
the CSP of P. falciparum. The very low number of only 
5 An. gambiae captured in urban Kandi during the 



Table 6 Seasonal variation of sporozoitic Index In rural (Sonsoro) and urban (Gansosso) Kandi from May 2012 to April 2013 



Locations 



Parameters 



Wet season 
(May-1 2 to October-1 3) 



Dry season 
(November-12 to April-13) 



Total 





N tested 


237 


10 


247 




Positive 


7 


1 


8 


Rural Kandi (Sonsoro) 










S (%) 


2.95" 


10*= 


3.24' 




IC-95% 


[1.44-5.97] 


[2.15-16.84] 


[1 .92-6.34] 




N tested 


36 


3 


39 




Positive 


1 


0 


1 


Urban Kandi (Gansosso) 










S (%) 


2.78" 


0" 


256' 




IC-95% 


[049-14.17] 


[0.00-0.56] 


[0.45-13.18] 



S: sporozoitic index in %. 
CI: confidence interval. 

a,b,x,yyg|jjg^ with the same superscript do not differ significantly. 
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Table 7 Seasonal variation of EIR by locality and area in rural (Sonsoro) and urban (Gansosso) Kandi from May 2012 
to April 2013 



Locations 


Parameters 


Wet season 
(May-12 to October-12) 


Dry season 
(November-12 to April-13) 


Total 




N vectors 


618 


10 


628 




Man night 


24 


32 


56 




HBR/niglit 


25.75 


0.31 


11.21 


RursI Ksncli (Sonsoro) 










HBR/period 


4635 


56.25 


4035.60 




S (%) 


2.95 


10 


3.24 




EIR/period 


136.73= 


5.63'' 


130.75" 




N vectors 


36 


3 


39 




Man niglit 


24 


32 


56 




HBR/niglit 


1.5 


0.09 


0.70 


Urban Kandi (Gansosso) 










HBR/period 


270 


16.88 


252 




S (%) 


2.78 


0 


2.56 




EIR/period 


7.51 = 


0= 


6.45^ 



S: sporozoitic index in %. 

HBR: Human Biting Rate. 

EIR: Entomological Inoculating Rate. 

CI: confidence interval. 

a,b,x,yyglj^g^ with the Same superscript do not differ significantly. 



whole drought period could explain it. For the whole 
study duration, we noted a higher transmission of mal- 
aria in rural Kandi (130.75 ib/h/year) than in urban 
Kandi (6.45 ib/h/year). The level of malaria transmission 
in rural and urban Kandi is more of a concern than in 
some locations under a wet climate in southern Benin. 
There are for instance Ossomou in the southeastern 
part (0 ib per semester) [28] and Ouidah-Kpomasse-Tori 
health district in the southwest (0.7 ib per 100 night) [29]. 
In addition, the epidemiological situation of malaria is 
more complicated in Kandi than in many locations in 
Sub-Saharan Africa such as Bobo-Dioulassou in Burkina 
Faso [30], Edea in Cameroon [31], Dassilami in Gambia 



[32], Dakar (around Grande Niaye marsh) in Senegal [33] 
where the annual EIRs were lower. 

The entomological data in Kandiwas perfectly reflected 
in the results of the parasitological survey conducted in 
both locations. Our results showed that Sonsoro in rural 
Kandi is a location of very high malaria risk during periods 
of drought. The prevalence of P. falciparum (RDTs) results 
showed that malaria is much more acute in the rural area 
especially in the dry season. The absence of urbanization 
has been identified as an important collateral risk factor. 
Our findings corroborate those of Gardiner et al. [34] in 
southeastern Ghana, Watts et al. [35] in Zambia, Trape 
[36] in Brazzaville, and Hay et al. [37] in most parts of 



Table 8 Distribution of children according to the gender and the age 



Urban area Rural area 

(Gansosso) (Sonsoro) 



Qualitative 


Modalities 


N 


% 


CI-95% 


N 


% 


CI-95% 


Sexe 


Girls 


106 


53.00 


[46.09-59.80] 


091 


45.50 


[38.75-52.42] 




Boys 


094 


47.00 


[40.20-53.91] 


109 


54.50 


[47.58-61 .25] 


Educational level 


Kindergarten 


000 


00.00 


[00.00-01.88] 


020 


10.00 


[06.57-14.94] 




l^^'level 


199 


99.50 


[97.22-99.91] 


058 


29.00 


[23.15-35.64] 




2"'^level 


001 


00.50 


[00.09-02.78] 


096 


48.00 


[41.18-5490] 




3^'^level 


000 


00.00 


[00.00-01.88] 


026 


13.00 


[09.03-18.37] 


Quantitative 




Average 


CI-95% 


Min/max 


Average 


CI-95% 


Min/max 


Age (years) 




05.42'' 


[05.30-05.53] 


03.00/07.00 


06.44^^ 


[06.25-06.63] 


03.00/09.00 


Weight (kg) 




1 9.54"" 


[19.16-19.92] 


05.00/31.00 


1 9.24'' 


[18.72-19.77] 


1 0.00/29.00 



^'"^For a same parameter, values with the same superscript do not differ significantly. 
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Table 9 Results of the RDTs In schoolchildren in urban 
and rural Kandi 



Urban area (Gansosso) 



Rural area (Sonsoro) 



RDT results 


N 


% 


IC-95% 


N 


% 


IC-95% 


nvalid 


001 


00.50 


[00.09-02.78] 


002 


01.00 


[00.27-03.57] 


Negative 


184 


92.00 


[8740-95.02] 


116 


58.00 


[51.07-64.63] 


Positive 


015 


07.50 


[04.60-12.00] 


082 


41.00 


[34.42-47.92] 


Total 


200 


1 00.00 




200 


1 00.00 





tropical Africa who have all noticed that the lower density 
of Anopheles accompanying urbanization leads to signifi- 
cant parasitological and clinical implications [34-37] . 

Moreover, the low frequency of both positive RDTs 
and clinical malaria cases observed in Gansosso could also 
be due to self-treatment in urban populations and home 
care management of malaria once the onset of symptoms 
such as fever occurs. According to Gardiner et al. [34], the 
low incidence of malaria in an urban community, especially 
children under 10 years old is associated with widespread 
use of anti-malarial drugs such as a prophylactic treatment. 
This is probably one of the reasons why we note a gap in 
urban and rural Kandi results [34]. 

The existence of malaria cases in the dry season in 
urban areas where mosquito larval habitats and Anopheles 
vectors were scarce illustrated perfectly the perennity and 
the endemicity of malaria transmission in the municipality 
of Kandi, as in Benin. The drought malaria prevalence 
recorded in urban Kandi (7.5%) is still relatively high for 
areas outside Africa, such as Asian countries. According 
to Trape [38], there is a threshold level of transmission 
beyond which malaria cases become common to the point 
that the malaria infection truly becomes a problem. Thus, 
above 2 ib per individual per year in a location, malaria 
transmission should be of major concern [38]. The annual 



value of EIR in urban Kandi (6.45 ib/h) exceeded the 
"threshold of Trape" and easily explained the malaria 
prevalence recorded there. 

To this end, the indoor residual spraying of insecticide 
will be ideal, especially when we consider the fact that in 
and around Kandi, there is a single period of malaria 
transmission (May to October). However, given the very 
high night temperatures during the dry season, which 
compels individuals to sleep outside, malaria transmission 
prevention during this season of the year could be strength- 
ened outdoors. Thus, populations may be encouraged to 
sleep outdoors with their bednets. Meanwhile, it is clear 
that due to the excessive heat, the use of bed nets during 
the dry season will be very difficult. In such conditions, it is 
important to provide them with new tools adapted to their 
practices and habits. The hypothesis of repellent perfumes 
or deodorants holds a great potential in this regard. 

Our study is not without some limitations. The preva- 
lence of malaria can be more accurately estimated by the 
use of PGR based diagnostics or microscopy instead of 
RTD [39,40]. However, since the primary outcome of inter- 
est in this study was recent infection and a global view of 
malaria prevalence as opposed to parasitaemia, we believe 
this limitation will neither significandy affect interpretation 
of the results nor affect the scientific quality of the study. 
Another potential limitation of this study is the fact of not 
to present the larval density in the drought-refugia of mos- 
quitoes. Our larval sampling data were qualitative in order 
to just identify the atypical habitats which maintain mos- 
quito breeding and ipso facto malaria transmission when 
classical larval habitats have dried up. 

Conclusion 

Our results showed a high level of malaria transmission 
in the municipality of Kandi. Household water source 



Table 10 Logistic regression evaluating the influence of urbanization, gender, educational level, age and weight of 
children on the incidence of malaria in the commune of Kandi 



Factors 


Modalities 


N (%) 


Coefficients 


OR.adj' 


IC-95%^ (OR.adj) 


p (Wald test^) 


p (LR-test") 


Areas 


Urban 
Rural 


15(07.61) 
82(41.62) 


02.06 


01.00 
07.88 


[03.54-17.51] 


0.00000041 


0.00000041 


Gender 


Girls 
Boys 

Kindergarten 


41(21.13) 
56(27.59) 
06(31.58) 


00.13 


01.00 
01.14 
01.00 


[00.69-01.90] 


0.613 


0.613 


Educational level 


1=*level 
2"'^level 


38(14.84) 
51(47.42) 


-00.38 
00.20 


00.68 
01.95 


[00.19-02.44] 
[00.68-05.56] 


0.555 
0.549 


0.32 




3"^level 


07(28.00) 


-01.30 


00.27 


[00.04-01.67] 


0.156 




Age 






00.20 


01.22 


[00.81-01.85] 


0.339 


0.339 


Weight 






00.04 


01.04 


[00.94-01.16] 


0.444 


0.444 



^adjusted Odds ratios. 

^95% Confidence Interval of the adjusted Odds ratios, 
^p-value for Wald test, 
^p-value for LR test. 
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plays an important role in maintaining the breeding of 
Anopheles larvae and the malaria transmission in Kandi. 
In rural settings, the proximity to a permanent water site 
could probably be the aggravating factor. These were 
the causes of the several malaria cases often recorded 
in Sonsoro during periods of drought. However, both 
entomological and parasitological data suggested that 
the epidemiological issue of malaria is not uniform in 
Kandi, especially in drought periods. At Sonsoro in the 
peripheral zone, the prevalence of malaria during the 
dry season was eight times higher than at Gansosso in 
downtown Kandi. Among the likely factors involved, 
the level of urbanization has been identified as poten- 
tially having a significant influence on the incidence of 
malaria in the municipality of Kandi. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

RG and MA designed the study. RG, VG, RFA, AS and FOA carried out the 
field activities. RG and FOA analyzed the data. RG drafted the manuscript. 
MA, RA and RO critically revised the manuscript for intellectual content. All 
authors read and approved the final manuscript. 

Acl<nowledgment 

We thank the Ministry of Higher Fducation and Scientific Research (MFSRS) 
and the team of CREC for their technical assistance during this survey. We 
also thank the people of Kandi for their collaboration. Renaud GOVOETCHAN 
obtained financial support for his doctoral training from Ministry of the 
Higher Education and of Scientific Research. 

Author details 

'Centre de Recherche Entomologique de Cotonou (CREC), 06 BP 2604 
Cotonou, Benin. ^Faculte des Sciences et Techniques, Universite d'Abomey 
Calavi, Calavi, Benin. ^University of Massachusetts Amherst, Amherst, United 
States of America. 

Received: 8 January 2014 Accepted: 18 February 2014 
Published: 24 February 2014 

References 

1. Greenwood BM, Bojang K, Whitty CJ, Targett GA: Malaria. Lancet 2005, 
365:1487-1498. 

2. Breman JG, Mills A, Snow RW, Mulligan J, Lengeler C, Mendis K, Sharp B, 
Morel C, Marchesini P, White NJ, Steketee RW, Doumbo OK: Conquering 
Malaria. In Disease Control Priorities for Developing Countries. 2nd edition. 
Edited by Jamison DT, Breman JG, Measham AR, Alleyne G, Claeson M, 
Evans DB, Jha P, Mills A, Musgrove P. New York NY & Washington, D.C 
Oxford University Press/World Bank; 2006413-432. 

3. Lindblade KA, Walker ED, Onapa AW, Katungu J, Wilson ML: Highland 
malaria in Uganda: prospective analysis of an epidemic associated with 
El Nino. Trans R Soc Trap IVIed Hyg 1999, 93:480-487. 

4. Malakooti MA, Biomndo K, Shanks GD: Reemergence of epidemic malaria 
in the highlands of western Kenya. Emerg Infect DIs 1998, 4:671-676. 

5. Ministere de Sante: Annuaire des statistlques sanltaires 2012. Cotonou: 
Direction de la programmation et de la prospective; 2013. 

6. Cox J, Craig MM, LeSueur D, Sharp BL: Mapping malaria risk In the iilgtilands 
of Africa. London/Durban: MARA/HIMAL Technical Report; 1999. 

7. Kazembe LN, Kleinschmidt I, HoltzTH: Spatial analysis and mapping of 
malaria risk in Malawi using point-referenced prevalence of infection 
data. IntJ Healtii Ceograph 2006, 541. 

8. Martin PH, Lefebvre MG: Malaria and climate sensitivity of malaria 
potential transmission to climate. Amblo 1995, 24:200-207. 

9. Martens P, Kovats R, Nijhof S: Climate change and future populations at 
risk of malaria. Global Environ Cfiang 1999, 9(Suppl 89):98-107. 



1 0. Martens WJ: Healtfi impacts of Climate Change and Ozone Depletion: An 
Eco-Epldemlological Ivlodelling Approach. Germany: University of Maastricht, 
Department of Mathematics; 1997. 

1 1 . Martens W, Niessen L, Rotmans J: Potential impact of global climate 
change on malaria risk. Environ Health Perspect 1995, 103:458-464. 

12. Tanser PC, Sharp B, le Sueur D: Potential effect of climate change on 
malaria transmission in Africa. Lancet 2003, 362(9398):1 792-1 798 

13. Simard F, Lehmann T, Lemasson J, Diatta M, Fontenille D: Persistence of 
Anopheles arabiensis during the severe dry season conditions in 
Senegal: an indirect approach using microsatellite loci. Insect fAoi Biol 
2000, 9:467-479. 

14 Beier JC, Copeland RS Oyaro C Masinya A, Odago WO, Odour S, Koech DK, 
Roberts CR: Anopheles gambiae complex egg stage survival in dry soil 
from larval development sites in western Kenya. J Am Mosq Control Assoc 
1990, 6:105-109. 

15. Charlwood JD, Vij R, Billingsley PF: Dry season refugia of malaria-transmitting 
mosquitoes in a dry savannah zone of east Africa. Am J Trap Med Hyg 2000, 
62:726-732. 

16. Minakawa N, Githure Jl, Beier JC, Yan G: Anopheline mosquito survival 
strategies during the dry period in western Kenya. J Med Entomol 2001, 
38:388-392. 

17. Dieter L, Huestis L, Lehmann T: The effects of oviposition-site deprivation 
on Anopheles gambiae reproduction. Parasit Vectors 2012, 5:235. 

18. Lehmann T, Dao A, Yaro AS Adamou A, Kassogue Y, Diallo M, Sekou T, 
Coscaron-Arias C: Aestivation of the African malaria mosquito, Anopheles 
gambiae\n the Sahel. Am J Trap Med Hyg 2010, 83:601-606. 

19. Gillies MT, De Meillon D: The Anophelinae of Africa South of the Sahara. 
S Afr ins Med Res 1 968 54:343. 

20. Wirtz R, Zavala F, Charoenvit Y, Campbell G, Burkot T Schneider I, Esser K, 
Beaudoin R, Andre R: Comparative testing of monoclonal antibodies 
against Plasmodium falciparum sporozoites for ELISA development. 
Bull WH 1 987, 65:39-45. 

21 . Maltha J, Gillet P, Bottieau E Cnops L, van Esbroeck IVl, Jacobs J: Research 
Evaluation of a rapid diagnostic test (CareStart™ Malaria HRP-2/pLDH 
(Pf/pan) Combo Test) for the diagnosis of malaria in a reference setting. 
Ma/orJ 2010, 9:171. 

22. Bell D, Wongsrichanalai C, Barnwell JW: Ensuring quality and access for 
malaria diagnosis: how can it be achieved? Nat Rev Microbiol 2006, 
4:682-695. 

23. Rafael ME Taylor T Magill A, Lim YW, Girosi F, Allan R Reducing the 
burden of childhood malaria in Africa: the role of improved. Nature 2006, 
444(Suppl l):39-48. 

24. Ashley EA, Touabi M, Ahrer M, Hutagalung R, Htun K, Luchavez J, Dureza C, 
Proux S, Leimanis M, Min Lwin M, Koscalova A, Comte E Hamade P, Page 
AL Fran(;ois Nosten E Guerin PJ: Evaluation of three parasite lactate 
dehydrogenase-based rapid diagnostic tests for the diagnosis of 
falciparum and vivax malaria. Mai J 2009, 8:241. 

25. Hopkins H, Bebell L Kambale W, Dokomajilar C Rosenthal PJ, Dorsey G: 
Rapid diagnostic tests for malaria at sites of varying transmission 
intensity in Uganda. J Infect DIs 2008 197:510-518 

26. Govoetchan R, Sovi A, Aikpon A, Salako A, Oke Agbo F, Asidi A, Akogbeto A: 
The impact of oviposition-site deprivation in gravid females of Anopheles 
gambiae (Diptera: Culicidae) on fecundity, trophic behaviour and life 
expectancy. IntJ Prop Ins Sc 2013, 33(4):207-215. 

27. Omer S, Clousley T: Survival of female Anopheles gambiae Giles through a 
9-month dry season in Sudan. Bull WId HIth Org 1970, 42:319-330. 

28. Sovi A, Azondekon R, Aikpon R, Govoetchan R, Tokponnon F, Agossa F, 
Akogbeto M: Impact of operational effectiveness of long-lasting 
insecticidal nets (LLINs) on malaria transmission in pyrethroid-resistant 
areas. Parasit Vectors 2013, 6:319. 

29. Djenontin A, Bio-Bangana S, Moiroux N, Henry MC, Bousari 0, Chabi J, 
Chandre F: Culicidae diversity, malaria transmission and insecticide resistance 
alleles in malaria vectors in Ouidah-Kpomasse-Tori district from Benin 
(West Africa): a pre-inten/ention study. Parasit Vectors 2010, 3:83. 

30. Lochouarn L, Gazin P: La transmission du paludisme dans la ville de 
Bobo-Dioulasso (Burkina Faso). Ann Soc Beig Med Prop 1993, 73:287-290. 

31 . Robert V, le Goff G, Toto J-C, Mulder U Fondjo E Manga L, Carnevale P: 
Anthropophilic mosquitos and malaria transmission at Edea, Cameroon. 
Prop Med and Parasitol 1993, 44:14. 

32. Thomson MC, DAIessandro U, Bennett S, Connor SJ, Langerock P, Jawara M, 
Todd J, Greenwood BM: Malaria prevalence is inversely related to vector 



Govoetchan et al. Parasites & Vectors 2014, 7:79 
http://www.parasitesandvectors.eom/content/7/1/79 



Page 12 of 12 



density in The Gambia, West Africa. Trans R Soc Trop Med Hyg 1994, 
88:538-643. 

33. Trape JF, Lefebvre-Zante E, Legros F, Ndiaye G, Bouganali H, Druiihe P, 
Salem G: Vector density gradients and the epidemiology of urban 
malaria in Dakar, Senegal. Am J Trop Hyg 1992, 47:181-189. 

34. Gardiner C, Biggar RJ, Collins WE, Nkrumah FK: Malaria in urban and rural 
areas of southern Ghana: a survey of parasitaemia, antibodies, and 
antimalarial practices. Bull World Health Organ 1984 62(4):607-613. 

35. Watts TE, Wray JR, Ng'andu NH, Draper CC: Malaria in an urban and a rural 
area of Zambia. Trans R Soc Trop Med Hyg 1 990, 84(suppl 2):1 96-200. 

36. Trape JF: Malaria and urbanization in central Africa: the example of 
Brazzaville. Part IV, Parasitological and serological surveys in urban and 
surrounding rural areas. Trans R Soc Trop Med Hyg 1987, 81(suppl 2):26-33. 

37. Hay SI, Guerra CA, Tatem AJ, Atkinson PM, Snow RW: Tropical infectious 
diseases: urbanization, malaria transmission and disease burden in 
Africa. Nat Rev Microbiol 2005, 3:81-90. 

38. Trape JF: Contre: Les limites des moustiquaires impregnees dans la lutte 
contre le paludisme en Afrique tropicale. Bull Soc Patiiol Exot 2001, 
94(2):174-179. 

39. Chinkhumba J, Skarbinski J, Chilima B: Comparative field performance and 
adherence to test results of four malaria rapid diagnostic tests among 
febrile patients more than five years of age in Blantyre, Malawi. 
Mo/arJ 2010, 9:209. 

40. Townes LR, Mwandama D, Mathanga D: Elevated dry-season malaria 
prevalence associated with fine-scale spatial patterns of environmental 
risk: a case-control study of children in rural Malawi. Malar J 201 3, 
12:407. 

doi:1 0.1 1 86/1 756-3305-7-79 

Cite this article as: Govoetchan et al:. Evidence for perennial malaria In 
rural and urban areas under the Sudanlan climate of Kandi, Northeastern 
Benin. Parasites & Vectors 2014 7:79. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at S —s-iui-j roni-rDl 

www.biomedcentral.com/submit \^ Biomea eencrai 



